Nowadays, many countries have been endeavoring to explore and exploit the offshore wind energy in terms of solving the problem of limitations of onshore wind energy. Wind energy is one of potential alternative for generating electricity in Malaysia. The offshore wind speed is better compared to onshore, so there is more potential contribution by offshore wind power in terms of electricity generation. This paper provides a summary of the offshore wind resources of the Kijal, Malaysia by analyzing the QuikSCAT satellite data which is available and can be downloaded from the WindPRO application. Based on these datasets, wind resources are assessed, and economical efficiency is evaluated by means of the expected capacity factor. Research was conducted using WindPRO and WAsP software to assess the potential of wind energy along the South China Sea in Kijal, Terengganu. Seven models of the wind turbines with different rated power; 110kW, 225kW, 275kW, 600kW, 850kW, 1000kW and 1250kW are taken for energy and economic feasibility analyses. The wind turbine with rated power 850 kW was indicated as the best wind turbine for installation in Kijal based on its best capacity factor, 26.8% In economical aspect, Malaysia does not have Feed in Tariff (FiT) rates for offshore wind projects, thus the range of predicted FiT rates, RM 0.30 to RM 2.00 were tested by using Net Present Value (NPV) and Payback Period (PBP) calculation. Finally, the conducive FiT rates for wind projects with secured investment were identified and the rates were in range RM 0.80 to RM 1.38. The overall results suggest that the wind energy has a bright future for use as an alternative source for generating electricity in Kijal, Malaysia.
INTRODUCTION
Most of the countries over the world are now facing a shortage of non-renewable or conventional sources such as coal and fuel for electricity generation. In addition, the use of non-renewable sources has also caused other problems such as environmental pollution due to the production of pollutants such as air and thermal pollution (Sun et al., 2003; . Therefore, Renewable Energy (RE) sources such as wind, wave and solar have been made as alternative for generating electricity and now popular in many countries around the world including in the United States, Germany, India and China (Pau et al., 2012) . In the Eighth Malaysian Plan, renewable energy was announced as the fifth fuel in the energy supply mix. Renewable energy is being targeted to be a significant contributor to the country's total electricity supply. With this objective in mind, greater efforts are being undertaken to encourage the utilization of renewable resources, such as biomass, biogas, solar, wind and mini-hydro, for energy generation.Terengganu has enough renewable energy resources to fulfill its extra electricity generation demand. Developing more renewable energy resources can reduce fossil fuel addiction and structure renewable energy economy industrial revolutions. Wind energy is clean renewable energy supporting national, regional and local supply and stability of electricity (Pau et al., 2012) . The project will support local business and increase awareness of clean sustainable energy technologies.
Terengganu is a state located in the east coast of Malaysian Peninsular with area 12,956 sq. km. Based on the population and housing census of Malaysia in year 2010, the total population in Terengganu is 1,035,977 people (Department of Statistics Malaysia, 2012) . Kijal with a population 4,375 people is a small town in southern Terengganu, Malaysia (Department of Urban and Rural Planning Terengganu, 2006 ).
Wind energy is one of the most promising solutions, especially considering its technological advancements and its growth over the years. The development of wind energy industry throughout the world is growing fast. Wind energy offers significant potential for near-term and long-term greenhouse gas (GHG) emissions reductions. A number of different wind energy technologies are available across a range of applications, but the primary use of wind energy of relevance to climate change mitigation is to generate electricity from larger, grid-connected wind turbines, deployed either onshore or offshore.
The offshore wind energy has a large potential as a huge resource for delivering clean and abundant energy on a global scale. Terengganu has potential to develop the offshore wind energy. Particularly, along the coastal line and shallow sea which considered have excellent wind potential for developing of the wind park to generate electricity.
There are no contributions of wind energy for producing electricity in Malaysia due to not listed as eligible renewable sources in Renewable Energy Act 2011. At present there is no feed in tariff rates for the development of wind energy projects in Malaysia. Thus, a detailed study of wind energy is ongoing to determine the potential of wind energy for electricity generation in Malaysia.
In particular, offshore wind farms are different from onshore installations for several reasons especially on its investment cost (Antonio et. al., 2005) . The installation and the maintenance are more expensive, and also the submarine electrical
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The feasibility study of offshore wind energy potential in Kijal, Malaysia: the new alternative energy source exploration in Malaysia connection to mainland increases the investment costs. Even high costs compared to onshore wind farms, offshore applications allow increased energy efficiency, due to the higher average wind speeds and the reduction of the siting and environmental issues, particularly with regards to noise, visual constraints and space limitations, since offshore wind farm is commonly built far away from the coast. Several studies have been done to estimate the onshore wind potential in Malaysia (Exell, 1985; Exell and Cheong, 1986; Islam et.al., 2011; Yong et.al., 2011; Albani et.al., 2011; Albani et.al., 2013) . Inthis country, the study of offshore wind energy is still in infant stage. There are still no offshore wind farm projects developed on the surface of the sea water in Malaysia. The onshore wind turbines were installed atseveral sites in Malaysia and mostly used as research purposes. In year 2007 two wind turbine was installed in Perhentian Island (Ali, 2010) . The wind turbine and solar photovoltaic (PV) hybrid system were installed in April 2010 in Kuching Waterfront as part of a pilot and educational project by Sirim, iWind Energy (M) Sdn Bhd and Sri Waja Resources Sdn Bhd, under the Ministry of Science, Technology and Innovation (MOSTI). The Wind turbine for research purposes were installed in Universiti Malaysia Terengganu (UMT) in year 2012. In the same year 2012, the 25 kW wind turbine vertical and horizontal axis wind turbines were installed in Kuala Perlis. However, offshore wind power plants need to be explored in this country because from the previous studies as mentioned by the International Energy Agency (IEA)prove that offshore wind farm can produce up to 50% more electricity than onshore wind farm, due to higher and steadier wind speeds.
In this study, an offshore point which the QuikSCAT wind data available on that coordinatesis selected near to Kijal mainland area. The point near to Kijal mainland is located at coordinates 103.63 E, 4.38 N. point. The WindPRO and WAsP Software were used for energy calculation in this study. The WindPRO and WAsP Software were widely used by researchers for analyzing the wind turbine and energy production (Ozerdem and Turkeli, 2005; Jewer et al., 2005; Wizelius, 2012) . The identification of the conducive Feed in Tariff (FiT) rates for every selected site was done by intersection of the value of conducive FiT rates based on the calculations Net Present Value (NPV) and Payback Period (PBP). The optimal FiT ratescan be proposed for implementation in Malaysia to encourage the development of the offshore wind industry in this country.
WIND DATA
Malaysia is still new in offshore wind energy research. There are no offshore wind masts developed in any location in Malaysia. Thus, in this preliminary potential analysis of wind energy in selected Malaysia's offshore, the QuikSCAT data are used in energy calculation. The QuikSCAT data from the year 1999 to 2009 were downloaded by using the WindPRO application. QuikSCAT scans twice per day to provide global data with horizontal resolution of 12.5km by 12.5km since July 1999 (Wizelius, 2012) . In this study, full years from 2000 to 2008 were selected from all data available since July 1999. QuikSCAT data are produced by Remote Sensing Systems and sponsored by the NASA Ocean Vector Winds Science Team (Xiuzhi et al., 2010) .The QuikSCAT wind data are derived from a remote sensing microwave scatterometer that is mounted on the QuikBird satellite. NASA Polar Orbiting Satellite QuikSCAT uses backscattering echoes to detect sea surface height. By interpretation of the QuikSCAT images, the wind distribution over the sea can be obtained. Comparison between QuikSCAT data and measured data from the offshore wind farm Horns Rev in Europe shows that the correlation between these two data sets is high, up to 0.91 (Hasager et.al., 2006) .
WIND ANALYSIS
Malaysia experiences two main weather seasons; Southwest monsoon (May to September) and Northeast monsoon (November to March) (Malaysian Meteorological Department, 2012) . Wind speeds during the Southwest monsoon are often below 7 m/s, but during the Northeast monsoon, wind speeds could reach up to 15 m/s particularly in the east coast of Peninsular Malaysia. Moreover, during April to September, the effects of typhoons striking neighbouring countries (such as the Philippines) may cause strong winds (even exceeding 10 m/s) to Sabah and Sarawak. So although Malaysia, as a whole, experiences low wind speeds, some areas in this country see strong winds during certain periods of the year (Malaysian Meteorological Department, 2012) . During Northeast and Southwest monsoon, the values of wind speed were quite good (5 till 20 m/s) for Kijal. This because of the location of sites were in offshore area which they have no obstacles in their way such as buildings to affect the wind speed.
Every wind turbines have different hub height. The wind speed will increase with increasing height from ground level. Modern wind turbines have hub heights greater than 10 m, hence wind speed is extrapolated by using WindPRO application to the hub height for every selected wind turbines. In this study, there are seven wind turbines Figure 2 presented the frequency distribution and wind rose for mean speed at different hub heights. The frequency of mean speed of all hub height was highly peak in range 4.0-8.0 m/s. This indicates that most of offshore mean wind speed in Kijal lies in this range. The distribution of wind speed is important in determining the percentage of time during a year, the power that could be generated from the wind turbine.Wind direction is an indicator of the direction that the wind is coming from. The wind direction is important in site selection for locating the wind turbine. The area at prevailing wind directions is selected for wind farm development due to winds that blows predominantly from those directions. The prevailing wind directions for Kijal were North Northeast (NNE) and East Northeast (ENE). 
ENERGY ANALYSIS
Duringwind farm energy analysis, an area of 1 km x 1 km, 10m depth of sea water and a distance of 10 km from the mainland was applied in the energy calculation. In standard offshore siting method, the environmental exclusion areas and shipping lanes or navigation zones need take to account during the site selection for locating the wind turbine.However for this study, assumed that there are no exclusion areas on the selected site. The 'WindPRO' and 'WASP' softwares were playing a key role to evaluate all collected data in order to make wind energy analysis and micrositing at the selected offshore point. Table 2 and Figure 3 showed the technical result for energy analysis for Kijal offshore.
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The feasibility study of offshore wind energy potential in Kijal, Malaysia: the new alternative energy source exploration in Malaysia The wind turbines with rated power 110 kW, 225 kW, 275 kW, 600 kW, 850 kW, 1000 kW and 1250 kW were selected for energy calculation to determine the best capacity factors. Every wind turbines have different hub height and rotor diameter. Each wind turbine with different rated power has different rotor diameters. The distance between the wind turbine is 5 Rotor Diameter (5 RD) to minimize the losses. In the WTG area 1 km x 1 km, the number of wind turbines differs with different rated power due to the differences of their rotor diameter and WTG's distance.
In Kijal offshore, wind turbine with rated power 850 kW showed the best capacity factor (CP), with value 26.8%. These showed that wind turbine with rated power 850 kW was suitable for installation in the selected offshore area. However, the others wind turbine with higher rated power also shows good value of capacity factor including wind turbine with rated power 600 kW and 1000 kW.
ECONOMIC STUDY
In Malaysia, eligible renewable resources defined as the recurring and non-depleting indigenous resources or technology as set out in the first column of the schedule of the Renewable Energy Act 2011. The list of renewable resources covered by the FiT includes Biogas, Biomass, Small Hydropower and Solar Photovoltaic. Until the year 2013, wind energy, either onshore or offshore, still not listed as eligible renewable sources and therefore there are no FiT rates for wind projects.
This section was presented the predicted Feed in Tariff (FiT) rates specialized for offshore wind projects due to Malaysia still not have the specific tariff rates for wind energy. The Net Present Value (NPV) and Payback Period (PBP) were calculated by using the different predicted tariff rates from RM0.30 to RM2.00. At the end, the conducive FiT rates was identified by take account to the best tariff which made the positive result for NPV and PBP to the project's economical viable.
The currency exchange assumed as USD1.00 is equal to RM3.02 (Bank Negara Malaysia, 2013) . The average lending rate, i from investment banks in Malaysia for year 2012 is 6.53%, while the average inflation rate, r for country in year 2012 is 1.3% (Bank Negara Malaysia, 2013).
Investment cost
In offshore applications, the turbine takes a lower part of the total cost, while the support structure and the grid connection assume greater importance. The total investment cost, I is composed by the elements described in the following
Wind turbine cost, CT
The WTG cost, C T includes tower, nacelle and WTG electrical devices. It is mainly dependent on the size, typology, rotor diameter and WTG hub height. In offshore applications, the cost increases for the necessity to adapt the wind turbine to the sea conditions. International Renewable Energy Agency has present that the offshore wind farms are more expensive than onshore and the cost is USD 4,000 (RM 12, 360) to USD 4,500 (RM 13,905) per kW, with the wind turbines accounting for 44% to 50% of the total cost.
Support and installation cost, CS
The cost of the support structure is composed by the material cost and the construction and installation cost. The C S costs are calculated according to the following equation;
Where W (m) and H (m) are the water depth and the WTG hub height respectively.
Grid connection cost, C G
The grid connection costs are dependent on the distance to the feeding point on shore, the typology of the transmission system and the electrical system within the wind farm. In this study, a cost of RM 464.61/m for both the transmission cable to shore and the transmission system within the wind farm, is assumed, including cable laying costs (Burges et.al., 2001) . The cost of the 20 kV/150 kV transformer is assumed of RM 32.91/ kW. The additional cost for the other electrical devices is assumed equal to RM 425.89/kW.
O&M facility cost, C M
This cost is highly dependent on the O&M strategy adopted which affects the overall wind farm availability. Moreover, the distance from shore, the site climate (in particular annual mean wind speed) and the WTGs reliability are other major features affecting the cost C M . In this study, a value of RM 193.59/kW is considered.
Project and development cost, C P
The costs of project and development are assumed to be the 4% of the investment cost. On the basis of the previous assumptions, the total investment cost I (RM) is evaluated with the following expression; P R (in MW) being the WTG rated power.
Sensitive Feed in Tariff (FiT) analysis

Net present value (NPV)
The Net Present Value (NPV) is the net value of all benefits (cash inflows) and costs (cash outflows) of the project, discounted back to the beginning of the investment (Mathew, 2006) . The benefits will essentially include the income from the sale of electricity generated. The capital investment plus the accumulated value of annual operation and maintenance costs constitute the payments.
There are two different ways of considering the inflation effect in the study, either (Mathew, 2006) . The real discount rate, Iis given by;
Where i is the interest rate or as commonly termed, the discounting rate and r is the rate of inflation. The net present value is represented as;
Where C I is investment cost, m is percentage of initial investment to be annual cost of operation and maintenance and n is number of years. Figure 4 showed the Net present value (NPV) for seven different rated power wind turbine; 110 kW, 225 kW, 275 kW, 600 kW, 850 kW, 1000 kW and 1250 kW. If the NPV is greater than zero, the project is economically acceptable as it will bring profit to the investor. When designing a FiT rates, one must strike a balance between investment security for producers and the elimination of excessive profit (Huan et.al., 2011) . FiT rates should not be too low which not profitable to investors or too high which harm the profitability of Distribution Licensees (DL). Therefore, the best NPV assumed to be higher than RM0.00 and below than RM100,000,000. The conducive FiT ratesbased on positive value of NPV at Kijal offshore is RM0.88 to RM1.38. Further, the next economic factor which will help to confirming the conduciveFiTrates is Payback period as presented in next section. 
Payback period (PBP)
Payback period (PBP) is the year in which the net present value of all costs equals with the net present value of all benefits. Hence PBP indicates the minimum period over which the investment for the project is recovered (Mathew, 2006) . The equivalent equation is expressed as below;
Where B A is annual benefit through electricity sales, Iis real interest rate, C I is investment cost and m is percentage of investment capital for cost of operation and maintenance. Thus, the payback period is computed by solving the above equation for n.The Indian Wind Power Association has mentioned that the payback period for wind project typically is 7 to 10 years. Thereforein this study, the assumed PBP is 10 years. As shown in Figure 5 , the conducive FiT rates with 10year payback period for Kijal offshore is in range RM0.81 to RM1.30.
The feasibility study of offshore wind energy potential in Kijal, Malaysia: the new alternative energy source exploration in Malaysia By comparing the range of conducive Feed in Tariff (FiT) in reasonable Net Present Value (NPV) and 10year payback period (PBP), the optimal and proposed Feed in Tariff (FiT) rates for offshore wind projects in Kijal is around RM0.81 to RM1.38.
GREENHOUSE GASES (GHG) SAVING
The energy sector in Malaysia was the major source of anthropogenic greenhouse gas emissions which accounted for 67.8% of the total greenhouse gas emission (Yow et.al., 2012) . In this energy sector, the power generation sector was the highest emitter of CO 2 (47%), followed by the transportation sector (28%), manufacturing industries (21%) and the remaining contributors were from other sector (4%) (Yow et.al., 2012) . This situation was due to the high dependency of the energy sector on fossil fuels.Wind energy does not produce any pollutants or emissions while it is in operation; however the environmental impact due to the turbine's manufacturing process and to its final disposal process should be taken into consideration (Martinez et.al., 2009) .
In this study, the emission factor of 660 g/kWh from the average Malaysia national electricity generation mix is used for this GHG emission calculation. This is based on an estimated Carbon dioxide (CO 2 ) emission factor of 1.18, 0.85 and 0.53 kg/kWh of electricity generated from coal, oil and gas, respectively (Hassan et.al., 2011) . Based on the calculations (660 x AEP in kWh)/1000000, the value of Greenhouse Gas (GHG) emissions reduction for every sites were shown in Table 3 below. The wind energy can help the government to reduce the emission of GHG caused by energy generation sectors in this country. 
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CONCLUSION
Malaysia still new in the offshore wind energy field. This study was used the QuikSCAT satellite wind data which provided in WindPRO software. The prevailing wind direction for Kijal offshore are North northeast (NNE) and East Northeast (ENE).The frequency of mean speed of all WTG's hub height is highly peak in range 4.0-8.0 m/s. For energy calculation, The WTGs in the simulated wind farm were spaced between 5 rotor diameters (5 RD) in the perpendicular to the prevailing wind direction. 1 km x 1 km, 10 m depth of sea water and a distance of 10 km from the Kijal mainland were used in the energy calculation. The obtained results show that, in Kijal offshore, WTG with rated power 850 kW showed the best capacity factor, with value 26.8%.
In economical aspect, Net Present Value (NPV) and Payback Period (PBP) calculation was done to identify the conducive FiT for offshore wind project in Kijal,
